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Several previous studies ofexposure tochromium waste in NewJerseyhave shown that Cr levels
tre elevated inhousehold dust in homes adjacent towase sites and that Cr levels in the urine of
residenttnear sites are also elevated compared to control populations. It has not been possible
until now, however, to ea=mine these exteral and intemal measures ofexposure together in a
large population to determine whether the external exposure is predictive ofthe intemal expo-
sure. Weinvestigated therelationship between various adjusted and unadjusted measures ofspot
urine Cr concentration and household dust Cr from residents and residences adjacent to known
Cr waste sites. Statistically significant bivariate relationships were found between log-trans-
formed urine Cr concentration and Cr dust concentration (micrograms ofCr per gram ofdust)
but notCrdustloading (nanogram Crper squarecentimeter). Log-transformed urie concentra-
tionwas used as thedependentvariable in multiple gresion analysis ofthe totalpopulation (n
- 329), the population <10years old (n 67), andthe population >10years old (n = 262),with
Crdust concentrtion as amandatoryindedent variable. Otherpotentialdirectinfluences on
urine Crwere investigated as potential confounders ofthis relationship. In the final modes for
the entire population and those .10 years old, but not for those >10 years old, Cr dust concen-
tration remained significant. Thi suggest that exposure ofyoung children to Cr in houseold
dust accounts formuch ofthe relationship in the entire population. Keyuornz biomadrers, bio-
monitoring, chromate, chromium, dust, exposure, spot urine, urine. Environ Healbb Prpeet
106:833-839 (1998). [Online 17November 1998]
bhp://Aepnal.niehs.nibgov/locs/1998/106p833-839strn/abstrthmnl
Chromium-processing waste in Hudson
County, NewJersey, is the legacy ofthe dis-
posal of spent ore and process waste from
three major chromate production facilities
thatoperated in theJerseyCityarea for much
ofthe twentieth century. It has been estimat-
ed that 2 million tons of chromate produc-
tion waste was generated, much ofwhich was
deposited locally (1). Preremediation soil and
slag levels oftotal chromium (Cr) were typi-
cally in the thousands of parts per million,
and levels of toxic hexavalent chromium
(Cr6+) were found as high as several hundred
parts per million (1). Previous studies have
investigated Cr levels in homes adjacent to
knownwaste sites (2,3). Analysis ofdust wipe
samples in these studies found that Cr con-
centration in household dust (micrograms of
Cr per gram ofdust) and Cr loading on sur-
faces (nanograms Cr per square centimeter)
was significantly greater in homes adjacent to
waste sites than in comparable controlhomes.
These studies ofenvironmental levels of Cr
address external exposure. Determination of
external exposure, however, establishes merely
thepotential for internal exposure. Several key
factors including access to the contaminated
dust and bioavailability mediate between
external exposure and internal exposure. It is
therefore important to determine whether
exposure to Cr in residential dust results in
identifiable internal exposure. Chromium
measurement in urine provides a useful mea-
sure ofinternal Cr exposure, although most
applications of this approach have been in
occupational settings (48). In an earlier
studyinJerseyCity, NewJersey (), residents
who lived in households that were adjacent
to chromate production waste sites and had
Cr surface loadings greater than an arbitrary
cut-point level had Cr urine levels which
were significantly elevated compared to resi-
dents in control households. The purpose of
the current study was to investigate the
hypothesis that exposure to Cr in household
dust (extemal exposure) is predictive ofCr in
urine (internal exposure) in a linear fashion.
The Cr6+ form ofchromium is carcinogenic
to humans by at least the inhalation route of
exposure and is a potential source ofallergic
contact dermatitis. Thus, the existence of a
relationship between extemal and internal Cr
exposure carries with it implications for the
health risk associated with such internal
exposures.
The data presented here were obtained
in two coordinated studies in Jersey City,
New Jersey. In one of these studies, urine
samples were collected from residents in
areas adjacent to known Cr waste sites as
part of a comprehensive Chromium
Medical Surveillance Project (CMSP) (10).
One ofthe major findings ofthat studywas
that average urine Cr levels were elevated in
populations near some chromate produc-
tion waste sites and in children less than 5
years old. In the other one ofthese studies,
household dust was collected in the resi-
dences of a subset of the CMSP subjects
(3). That study found that both Cr concen-
tration and Cr loading were significantly
elevated in household dust in homes adja-
cent to the waste sites compared to control
homes. A limited and preliminary analysis
ofthe joint urine and dust data from these
studies (3) was only able to employ the
urine data as dichotomous categorical val-
ues (i.e., as either above or below a cut-
point value). We present here a comprehen-
sive joint analysis ofCr urine and dust data
employing individual urine concentration
values for each resident (i.e., continuous
values).
The primary health risk from exposure
to chromate production waste results from
exposure to Cr6+ rather than Cr3+. The ana-
lytical data used in this study are for total
Cr. Since Cr6+ was present at the waste
sites, environmental exposure to total Cr
from these sites deduced from the data in
this study may reflect exposure to Cr6+.
Methods
The methodology for site and subject selec-
tion, dust and urine sampling and analysis,
and questionnaire data collection has been
described in detail elsewhere (3,10). The
following presents a brief summary of that
information.
Studypopulation. Residences were con-
sidered adjacent to Cr waste sites if they
were within a 1-2 block radius of a known
site in Hudson County, New Jersey. Nearly
all sites were located inJersey City. Fourteen
residential locations adjacent to one or more
waste sites each were induded in the CMSP.
The current study included residences and
individuals in nine of these locations based
on self-selection of residents for participa-
tion in the study. Household dust sampling
was conducted in a total of 220 residences
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in which at least one individual provided a
urine sample in the CMSP. Urine samples
were collected from a total of 329 CMSP
participants at these residences. Ofthese, 67
were <10 years old. In the CMSP, those
with urine Cr levels more than 0.5 pg/i
above the predicted value, based on a
regression model of a baseline population,
were designated as referrals for the purpose
of follow-up medical study. In practice,
referrals in the CMSP were made for all
individuals with spot urine Cr levels >1.0
pg/I and for no one with urine Cr levels
<0.7 pg/I. Among residents in the CMSP,
the referral rate was 10%. Homes of refer-
rals were oversampled in the parallel dust
sampling study, and approximately 15% of
the urine samples in the current study rep-
resent CMSP referral cases. In addition, in
conjunction with other portions of the
CMSP, urine samples were obtained from a
total of 66 individuals who did not reside
adjacent to knownwaste sites anddust sam-
pleswere obtained from their residences.
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Figure 1. Age distribution of population adjacent
to chromium waste sites represented by both
urine Cr and household dust Cr data.
Table 1. Selected characteristics of the study
population
Median age
Percentfemale
Percentby race
Black
White
Hispanic
American Indian
Asian
Percentby residential
location
1
2
3
4
5
6
7
8
11
a27% .3years old.
All ages
(n=329)
31
60
63
21
8
<1
8
41
15
3
21
2
5
10
1
1
10Years old
(n=67)
6a
45
76
10
7
0
6
51
16
1
12
3
4
12
0
0
Urine sampling and analysis. Urine
samples were collected as one-time (spot)
samples in acid-washed containers. Samples
were analyzed for specific gravity upon
receipt in the laboratory and frozen prior to
Cr and creatinine analysis. Chromium was
analyzed by atomic absorption spectropho-
tometry using the method of standard
additions with a limit of quantitation of
0.2 pg/I. Chromium concentrations report-
ed as below the limit of quantitation were
assigned the value ofthe limit ofquantita-
tion. Creatinine was analyzed by standard
spectrophotometric method.
Dust sampling and analysis. Dust was
collected from elevated surfaces in frequently
occupied indoorareas asside-by-side samples
onto preweighed filters using the LWWdust
sampler (Environmental and Occupational
Health Sciences Institute, Piscataway, NJ)
with a 50 or 100 cm2 template. Samples
were dried and weighed, and then analyzed
using either a sulfuric/hydrofluoric/nitric
acid digest followed by inductively coupled
plasma-atomic emission spectroscopy (ICP-
AES; detection limit = 10 ng Cr/g dust), or
a nitric/acid microwave digest, followed by
inductively coupled plasma-mass spec-
troscopy (ICP-MS; detection limit = 1.5 ng
Cr/g dust). No significant difference was
found between these methods in analysis of
side-by-side samples when Cr levels were
above the detection limit for the ICP-AES
method. Samples with nondetectable levels
of Cr were set to one-half the appropriate
detection limit. Chromium in household
dust was expressed as concentration in the
dust (micrograms of Cr per gram of dust)
and as loading on surfaces (nanograms of
Cr per square centimeter). Elevated concen-
trations ofCr in household dust are a signal
for specific (i.e., nonbackground) sources of
Cr. Elevated levels ofCrloading on surfaces
are an indication of increased Cr retention
in the residence and can result from elevat-
ed levels of deposition of dust with back-
ground concentrations of Cr and/or from
deposition ofpartides with a high concen-
tration ofCr.
Questionnairedata. At the time ofurine
sampling, datawere elicited for each partici-
pant on demographic factors, exercise,
dietary supplement use, smoking, beer and
wine consumption, Cr-related hobbies, and
other factors.
Statstical analyses. The purpose of the
statistical analyses was to examine the rela-
tionship between Cr in dust in homes adja-
cent to known chromate production waste
sites in Hudson County, New Jersey, and
Cr in the urine ofresidents ofthose homes.
The specific intent of the multiple regres-
sion analysis was to consider the influence
of potential confounders on that relation-
ship. Statistical analyses were conducted
using STATISTICA for Windows, release
5.1 (StatSoft Inc., Tulsa, OK). Bivariate
regression slopes (,B) among different mea-
sures of urine Cr concentration were com-
pared on the basis ofstandardized P values.
Linear multiple regression ofCr dust levels
and other potential determinants of Cr
exposure against urine Cr concentration
was carried out by sequential addition of
independent variables. Independent vari-
ables were accepted into the model with a
p-value of<0.1 and were dropped from the
model if addition ofsubsequent significant
independent variables increased theirp-val-
ues above this cutoff. Extreme outliers of
the multiple regression models were evalu-
ated based on standardized residual values.
Observations with standardized residuals
>3.0 were considered to be extreme outliers.
Unlike outliers, which are inconsistent with
the model, influential points maybe consis-
tent with the model but exercise a dispro-
portionate influence on the regression.
Highly influential points were evaluated
based on values ofCook's distance, a mea-
sure of the change in slope values that
would result from the deletion of a given
observation. The results ofregression analy-
ses are presented with and without removal
of extreme outliers and influential points.
The location variable was included in the
analysis to address potential sources of Cr
exposure unrelated to indoor dust exposure
that mightvary on a neighborhood basis.
Adjustmentfor urine dilution. The
concentration of Cr in one-time (spot)
urine samples is subject to the influence of
urine dilution, which is a function of an
individual's hydration state independent of
Table . Distribution of Cr loading and concentration in household dustforstudysubjects
Cr loading
(ng Cr/cm2dust)
All ages .10years old >10years old
Median 12.1 19.5 12.1
Mean 30.7 33.4 30.0
SD 69.7 54.2 73.7
RSD 2.3 1.6 2.5
10th percentile 2.3 2.8 1.6
90th percentile 61.4 68.0 47.7
Abbreviations: SD, standard deviation; RSD, relative standard deviation.
Cr concentration
(pg Cr/g dust)
All ages .10years old >10years old
119.0 146.5 19.0
207.9 252.8 196.5
251.2 294.8 238.1
1.2 1.2 2.0
45.0 47.2 44.8
503.7 917.8 463.9
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the body burden of Cr. The influence of
urine dilution on biomarker concentration
can be addressed by normalization of bio-
marker concentration on the basis of urine
creatinine concentration or urine specific
gravity. Because ofevidence that the rate of
creatinine excretion is not constant with
age for young children (11), the dependent
variable was not directly adjusted for creati-
nine concentration (i.e., micrograms ofCr
per gram of creatinine). Rather, creatinine
concentration was investigated as a poten-
tial independent variable in the regression
analyses where its influence on urine Cr
concentration is subject to adjustment by
age, weight, and sex. Direct adjustment of
urine Cr concentration by specific gravity
was investigated, as was the introduction of
specific gravity into the regression analysis
as an independent variable. Direct adjust-
ments for specific gravity were made by
standardizing urine Cr concentrations to
the reported population median value of
1.024 (12).
Descriptive characteristics ofthe study
population. Figure 1 presents the age distri-
bution of the population that had both
urine Cr and household Cr dust measure-
ments. Approximately 20% of the popula-
tion was <10 years old. As characteristics of
exposure to household dust were likely to
be different in this age group compared to
older residents, analysis of the relationship
between Cr dust and urine Cr was strati-
fied relative to this age cutoffto yield three
population categories: total population,
<10 years old, and >10 years old. Table 1
presents selected characteristics ofthe total
study population and the population <10
years old.
Results
Chromium in householddust. Table 2 pre-
sents the distribution of Cr dust loading
and Cr dust concentration in residences by
subject. While Cr dust levels are, strictly
speaking, a characteristic of residences, for
the purposes ofcomparison ofCr dust lev-
els to individual urine Cr levels, they can
be treated as an measure of individual
exposure. As can be seen by comparison of
relative standard deviations (RSD), Cr
loading is more variable than Cr concentra-
tion for all the population groups.
Chromium in urine. Table 3 presents
urine Cr concentrations both unadjusted and
adjusted by specific gravity. The mean urine
Cr concentration forsubjects <10 years old is
less than that for those >10 years old. The
interquartile ranges [(unadjusted) 0.19-0.54
and 0.19-0.51 pg Cr/I urine, respectively]
and median values [(unadjusted) 0.31 and
0.27 pg Cr/1, respectively] for these groups
are nearly identical. The difference in mean
values reflects the presence ofseveral individ-
uals >10 years old with extreme outlyingval-
ues ofurine Cr concentration.
Bivariate relationships. Bivariate linear
regressions of both Cr loading and Cr dust
concentration against various measures of
urine Cr were examined in a preliminary
analysis of possible relationships (Table 4).
Comparison of regression slopes was carried
out using the unitless measure of the stan-
dardizedP. The relationship between Cr dust
loading and urine Cr was not significant for
any of the measures of urine Cr. However,
theslopeoftheassociation ofCrloadingwith
logarithmically transformed urine Cr (log1o
Cr) for subjects <10 years old was positive
and borderline significant. The slope of the
relationship between Cr dust concentration
and log1o Cr for the total population and
those <10 years old was positive and signifi-
cant. The slope of the relationship between
Crdust concentration andthe untransformed
measure of urine Cr for those subjects <10
years old is borderline significant and is simi-
lar to the standardized slope of the relation-
ship obtained with the log10-transformed
measure ofurine Cr. None ofthe measure of
urine Cr forsubjects >10 years oldwas signif-
icandyassociatedwith Crdustconcentration,
although the slope of the relationship
between log1o Cr and Cr dust concentration
was positive and similar to those for the other
population categories. Based on the relative
magnitude and significance of the regression
slopes relating Cr dust concentration and
logloCr, that measure ofurine Crwas select-
ed for further analysis for each ofthe popula-
tion categories. Although log10 CrSpecGr
(specific gravity) gave a marginally stronger
relationship for the population >10 years old,
logloCrwas selected for that population cate-
gory to allow consistency in comparison with
the urine Cr variable for the other popula-
tions. The bivariate relationships between
log1o Cr and Cr dust concentration are
shown in Figures 2A-C. The "floor" ofurine
Cr values, which can be seen in these figures,
results from the common assignment of the
limit ofdetection to urine Crlevels below the
analytical detection limit (note scale differ-
ences on they-axis).
Multiple regression. Linear multiple
regression analysis was undertaken to deter-
mine ifother (nondust related) primary pre-
dictors ofCr urine concentration (i.e., dietary,
environmental, and physiologic factors) were
confounders oftheobserved bivariate relation-
ships. The purpose ofthis analysis was not to
Table 3. Distribution of unadjusted and adjusted urine Cr concentrations among study subjects
Median Mean SD RSD 10th percentile 90th percentile
Unadjusted (pg Cr/1 urine)
All ages (n= 329) 0.27 0.60 2.20 3.7 0.19a 1.06
<10years old (n =67) 0.31 0.46 0.37 0.8 0.19a 1.15
>10years old (n = 262) 0.27 0.64 2.46 3.8 0.19a 1.02
Specific gravity corrected
All ages (n= 329) 0.38 0.75 2.65 3.5 0.20a 1.19
<10years old (n =67) 0.37 0.61 0.72 1.2 0.20a 1.23
>10 years old (n = 262) 0.38 0.78 2.94 3.8 0.208 1.16
Abbreviations: SD, standard deviation; RSD, relative standard deviation.
aThese values reflect Cr urine concentrations at or belowthe limit of detection.
Table 4. Comparison of bivariate linear regression of Cr dust concentration (pg Cr/gdust) and Cr dust
loading (ng Cr/cm2) on measures of urine Cr concentration
All ages
cra
logio Cr
CrSpecGrb
loglo CrSpecGr
<10 years old
Cra
loglo Cr
CrSpecGrb
log1o CrSpecGr
>10 years old
cra
log10 Cr
CrSpecGrb
1Ogin CrSpecGr
Cr dust concentration
Standardized P p-Value
(n= 329)
-4.3 x 10-3
1.2 x 10-2
-8.1 x 10-1
9.0 x 10-2
2.1 x10-1
2.9 x 10-1
-1.4 x 10-2
1.4 x 10-1
-1.0 x 10-2
7.0x 10-2
-5.8 x 10-3
7.6 x 10-2
(n=67)
(n= 262)
0.94
0.03
0.88
0.10
0.08
0.02
0.91
0.25
Cr dust loading
Standardized, p-Value
(n= 277)
-2.1 x 10-2
6.7 x 10-2
-3.0 x 10-2
2.2 x 10-2
1.8x 10-1
2.4x 10-1
-2.2 x 10-2
6.7 x 10-2
-2.7 x 10-2
3.4 x 10-2
-3.1 x 10-2
1.3 x 10-2
0.85
0.25
0.93
0.22
(n=63)
(n= 214)
0.73
0.27
0.62
0.71
0.17
0.06
0.86
0.60
0.69
0.62
0.66
0.85
'chromium concentration in urine(pg/I), unadjusted.
bSpecific gravity-corrected Cr concentrations in urine (pg Cr/l).
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construct acomplete modelofexposure to Cr.
Thus, for example, cleaning practices that
might potentiate exposure to the Cr already
present in household dust were not addressed
in this analysis. Table 5 lists the independent
500
variables that (along with Cr dust a
tion as a mandatory independent
were investigated in the multiple r
analyses. Some of the variables in
[e.g., DRINK (drank beer or wine
---
.E
h-
E.
C.)
CD =L
CD
a
0 1,000
Crdustconcentration(gg Cr/g dust)
0.4
I2
CD
. _
C.. 0.0
=L
=0.
a
S
-04
e
i -0.4
do U
-0.8
1.8
5
C.'
L..
1.0
S =L
: 0.6
.U
0.2
U -02 a
-1.0
0
500 1,000
oncentra- days), SMOKENUM (number ofcigarettes
variable) smoked in past 2 days)] contained no positive
egression responses for subjects <10 years old. Table 6
Table 5 presents the final models for the total popula-
in past 2 tion, subjects <10 years old, and those >10
years old. After adjustment for other signifi-
cant independent variables, the slopes ofthe
relationship between logl0 Cr and Cr dust
concentration (pGGCENT) for all three
population groups were within a factor of2.
The slope for subjects <10 years old, howev-
er, was nearly twice thatfortheotherpopula-
tion groups. In the analysis ofthe total popu-
lation, Cr dust concentration remained a sta-
tisticallysignificantpredictor ofurine Crafter
adjustment by other significant variables (p =
0.03). With the removal of three extreme
outliers, Cr dust concentration increased in
significance (p = 0.005). With the additional
removal ofone highly influential point, Cr
dust concentration remained highly signifi-
iflo0 cant. In the analysis ofthose <10 years old,
Cr dust concentration also remained statisti-
cally significant (p = 0.02). This relatively
simple model explains more than 30% ofthe
variance in urine Cr concentration.
Chromium dust concentration alone
accounted for about 6% of the variance.
With the removal ofoneextreme outlier (also
ahighly influential point), the significance of
Cr dust concentration increased (p = 0.007)
and with the additional removal ofone high-
ly influential point, Cr dust concentration
remained highly significant. Although Cr
dust loading was borderline significant in the
bivariate analysis, it became nonsignificant (p
= 0.19) when considered together with Cr
dust concentration. Chromium dust concen-
tration for subjects >10 years old, which is
not significant in the bivariate analysis, was
borderline significant in the multiple regres-
1,500 sion model (p = 0.11). With the removal of
two extreme outliers, Cr dust concentration
became statisticallysignificant (p = 0.03), but
with the additional removal of two highly
influential points, Cr dust concentration
again became borderline significant (p =
0.12). This suggests that most, but not all of
the influence of Cr dust concentration on
urine Crseen in thetotalpopulation is due to
the exposure of those <10 years old. When
the total population that did not reside adja-
cent to known waste sites (n = 66) was exam-
ined in bivariate and multiple regression
analyses, neither Cr dust concentration nor I Cr dustloading were found to besignificant
predictors ofurine Cr. The number ofsub- I jects <10 years old in thatpopulation was too
small tobeconsideredindependently(n =7).
The relationship between urine Cr and
dust Cr concentration was also examined
Figure 2. Bivariate relationship oflog,,Cr in urine to Cr dust concentration. (A) Total population
+ 1.543 x 10-4*x). (B) Population <10 years old (y= -0.511 + 2.819 x 10-4 *X). (C) Population >O y
= -0.478 + 1.025 x 10-4*x).
(y= -0.486 using the untransformed measure of urine
ears old (y Cr to investigate the generalizability of the
results obtained using the log-transformed
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measure ofurine Cr. For those <10 years old,
the model obtained with the untransformed
urine Cr variable contained the same inde-
pendent variables as that for the log-trans-
formed measure. Cr dust concentration was
borderline significant (p = 0.11). With the
removal oftwo extreme oudiers, however, Cr
dust concentration became significant (p =
0.01), with a standardized slope value very
similar to that obtained with the log-trans-
formed measure of urine Cr. For the total
population, as well as for subjects >10 years
old, Cr dust concentration was not a signifi-
cant predictor ofuntransformed urine Cr.
Discussion
The relationships ofCr dust concentration
to urine Cr observed in the bivariate and
multiple regression analyses support the
hypothesis that elevated levels of Cr in
household dust can result in identifiable
internal exposures. The failure to observe
such a relationship for the population not
residing adjacent to known chromate pro-
duction waste sites suggests that the
observed relationship is associated with the
waste sites. In conjunction with elevated Cr
dust levels noted previously in homes adja-
cent to such sites (2,3), these observations
suggest that the waste sites are the cause of
the elevated Cr dust levels in the sampled
residences. These observations further sug-
gest that household exposure to Cr6+ origi-
nating from these sites may have occurred.
IfCr in residential dust is a direct source of
Cr exposure, we might expect that the rela-
tionship between Cr dust levels and Cr
urine levels would be strongest for young
children, who spend more time indoors
than older children or adults and who
commonly engage in hand-to-mouth con-
tact. In the multiple regression analysis, the
adjusted slope of the relationship of dust
Cr concentration to log1o urine Cr concen-
tration for children <10 years old was near-
ly double the adjusted slopes for subjects
>10 years old and for the total population
(Table 6). This relationship was significant
for those <10 years old, but not significant
in the model for those >10 years old. The
multiple regression models predict that,
adjusting for the influence of all other
independent variables, an increase in the
Cr dust concentration from the median to
the 90th percentile would result in an
increase ofa factor of3 in urine Cr concen-
tration for the total population and an
increase ofa factor of5 in urine Cr concen-
tration for children <10 years old. Thus,
the concentration of Cr in household dust
appears to reflect the potential for direct
exposure ofchildren in their residences.
In general, the strongest relationships
between urine Cr and dust Cr were obtained
with the log-transformed measure of urine
Cr. This appears to be due to the tendency
of spot urine sampling to generate extreme
outliers ofurine Cr by the inclusion ofsam-
ples from a fraction ofthe population that is
experiencing short-term extremes in urine
diluteness. Log transformation reduces the
influence of these extreme outliers in the
regression analyses. Nonetheless, for subjects
<10 years old, after the removal of two
extreme outliers in the multiple regression
analysis, the untransformed measure of
urine Cr was significantly associated with Cr
dust concentration, with a standardized
slope comparable to that obtained with log-
transformed urine Cr. For the total popula-
tion andsubjects >10 years old, containing a
larger number of extreme outliers of urine
Table 5. Independent variables investigated in multiple regression analyses
Variable Explanation
pGGCENT pg Cr/g dustfortotal population centered at median value (mandatory)
NG/CM2 ng Cr/cm2 ofsampled surface; Cr loading
DUST mg dust/cm2 of sampled surface; dust loading
AGECENT Age fortotal study population in years centered at median age (31 years)
AGE1OCENT Age for population <10 years old centered at median age (6 years)
WEIGHT In pounds
SEX Male as referent
CREATININE g creatinine/l urine
LOG10CREATININE Base 10 logarithm of g creatinine/l urine
SPECGRAVCENT Specific gravity centered at reported median value (1.024; unitless)
RACE White, Hispanic, Asian, other as dummy variables, with black as referent
category
LOCATION Residential neighborhood as dummy variables
CIGS Number of cigarettes smoked per day in the residence
SMOKE Smoked in past 2 days (Y,N)
SMOKENUM Number of cigarettes smoked in past 2 days
SUPPS Normally takes nutritional yeast or vitamin/mineral supplements (Y,N)
SUPPSCR Normally takes nutritional yeast orvitamin/mineral supplements containing Cr
(>0-30 pg Cr, >30 pg Cr as dummy variables, with 0 pg Cr as referent category)
SUPPSNOCR Normally takes nutritional yeast orvitamin/mineral supplements with <30 pg
Cr (including 0 pg Cr) (Y,N)
VITAMIN Took nutritional yeast or vitamin/mineral supplements in past 2 days (Y,N)
VITAMINCR Normally takes nutritional yeast or high-Cr vitamin/mineral supplements, and
took same in past 2 days (Y,N)
DRINK Drank beer or wine in past 2 days (Y,N)
BEER Number of 12 oz. servings of beer in past 2 days
DRINKBEER Drank at least 12 oz. of beer in past 2 days (Y,N)
WINE Number of 4 oz. servings of wine in past 2 days
HOBBY Engaged in a specific chromium-related job or hobby in past 2 days
Table 6. Final regression models (dependent variable of logl0Cr)
Independent variables 3 (slope) Standardized f p-Value
Total population (n = 329)a
pGGCENT 1.44 x10-4 0.110 0.032
AGECENT 2.55 x 10-3 0.169 0.008
WEIGHT -7.00 x 10-4 -0.124 0.048
SPECGRAVCENT 16.894 0.370 <0.001
LOCATION2 0.140 0.153 0.003
LOCATION3 0.233 0.127 0.013
Intercept -0.393 <0.001
Population <10 years old (n 67)b
pGGCENT 2.45 x 10-4 0.251 0.021
CREATININE 0.214 0.427 <0.001
AGE1OCENT -0.038 -0.333 0.003
Intercept -0.652 <0.001
Population >10 years old (n 262)C
pGGCENT 1.32x 10-4 0.092 0.109
SEX 0.084 0.120 0.038
SPECGRAVCENT 16.212 0.340 <0.001
LOCATION2 0.189 0.199 <0.001
LOCATION3 0.204 0.115 0.045
Intercept -0.393 <0.001
See Table 5 for definitions of independent variables.
aOverall p<0.001; overall R2=0.179.
bOverall p<O.001; overall 11 = 0.301.
cOverall p<4.O0l; overall M0= 0.175.
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Cr, no significant relationship was observed
between the untransformed urine Cr and Cr
dust concentration.
It is somewhat surprising that Cr dust
loading (nanograms Cr persquare centime-
ter surface area) was not a significant pre-
dictor ofurine Cr along with Cr concentra-
tion in dust. Nonetheless, there is a sugges-
tion that for subjects <10 years old, Cr dust
loading does have an influence on urine Cr
(Table 4). In an earlier study (9), Cr dust
loading, but not Cr dust concentration, was
found to be significantly elevated in resi-
dences adjacent to chromate production
waste sites compared to residences in con-
trol locations. In that study, for the resi-
dences in which Cr dust loading was .75th
percentile of Cr dust loading in all resi-
dences, the urine Cr ofresidents was signifi-
cantly elevated compared to urine Cr for
the control population. Chromium dust
loading, however, may not be a continuous
predictor ofresidential Cr exposure. Once a
surface is covered with dust beyond a
threshold loading level, dust adherence to
hands may be largely a function of hand
size and the characteristics ofcontact rather
than ofthe amount ofdust on a surface. An
earlier analysis of the current data (3),
employing the categorical referral status
derived from the CMSP as the sole measure
ofurine Cr, found a marginal increase in Cr
loading in homes of CMSP referral cases
compared to nonreferrals. We believe that
the current analysis, employing a continu-
ous measure of urine Cr, provides a more
complete and objective assessment of the
relationship between urine Cr anddust Cr.
The population investigated in this
analysis is asubset ofthe population investi-
gated in the CMSP (10,13). The indepen-
dent variables that were identified as signifi-
cant predictors ofurine Cr in that study are
somewhat similar to those identified in the
current analysis (13). In particular, sex,
weight, specific gravity, and creatinine were
significant in both the CMSP and at least
one ofthe models in the current analysis. In
addition, several variables significant in the
CMSP were borderline significant in one or
more ofthe models in the current analysis,
but were not included in the final models
(sex, Cr-related hobby, vitamin use; see
Table 5). The direction of the slopes for
common variables was the same in the cur-
rent analysis and in the CMSP. Intake of
high Cr-containing supplements and beer
drinking, however, were significant in the
CMSP but not in the current study. Given
that the population in the current analysis is
a nonrandom subset ofthe CMSP popula-
tion, some differences are to be expected.
The independent variables investigated
in the current analysis were not confounders
ofthe relationship between Cr dust concen-
tration and urine Cr. It may be asked, how-
ever, whether any ofthe factors responsible
for the unexplained variance in the regres-
sion models could be confounders of that
relationship. The unexplained variance is
likely due to several factors. These include 1)
analytical and sampling errors; 2) incom-
plete and/or inaccurate adjustment of urine
dilution by creatinine or specific gravity; 3)
population variability in physiologic and
genetic factors (other than thatdirectly relat-
ed to age, sex, and weight), which mediate
the retention and elimination of Cr and
which can result in different urine Cr levels
from identical doses; 4) dietarysources ofCr
exposure not investigated in these analyses;
and 5) intraindividual temporal variability
in spot urine Crconcentrations independent
of average Cr body burden. The imperfect
nature ofcreatinine correction has been doc-
umented (9,14,15), and this condition is
onlypartlyimproved byelimination ofover-
ly dilute samples (9). Diet is an important
source ofCr bodyburden (16), butwith the
possible exception ofbeer (13,17), no food
type appears to be a particularly important
source of Cr (18,19). Intraindividual tem-
poral variability in the rate of urinary Cr
excretion has been raised as a possible prac-
tical difficulty in the application of spot
urine sampling in determination of envi-
ronmental Cr exposure (20,21). Unless one
or more ofthe sources ofunexplained vari-
ance in the dependent variable is signifi-
cantly correlated with Cr dust concentra-
tion, failure to quantitatively address such
sources will create unbiased scatter of data
about the regression line. Such scatter will
bias the result of hypothesis testing away
from observing underlying true relation-
ships between urine Cr and anyofthe iden-
tified independent variables (including Cr
dust concentration). We find no suggestion
that any ofthe likely sources ofunexplained
variance in these analyses (including
intraindividual variability in spot urine
sampling) is significantly correlated with Cr
dust concentration. Thus, it is highly
unlikely that any of these sources of unex-
plained variance could singularly, or in con-
cert, bias the observation ofthe relationship
of Cr dust concentration and urine Cr
toward a spurious relationship.
Studies of residential lead exposure
have also shown relationships in children
between lead in house dust and blood lead
concentration (a marker of internal lead
exposure) (22). Specific associations have
also been made between lead in soil-
derived indoor dust and childrens' blood
lead levels (23,24). The current findings
extend such observations to chromium,
which unlike lead, has few specific indoor
sources contributing to its presence in
house dust.
Summary and Conclusions
We examined the relationship between Cr
in household dust and Cr in urine for resi-
dents located in homes adjacent to known
chromate production waste sites. In multi-
ple regression analyses considering other
predictors of urine Cr, Cr dust concentra-
tion (but not Cr dust loading) was a statis-
tically significant predictor of urine Cr
across the entire age range ofthe residents.
Chromium dust concentration was a
stronger and highly significant predictor of
urine Cr when only children <10 years old
were considered, accounting for about 6%
of the total variance in that model.
Chromium dust concentration was not a
significant predictor of urine Cr in the
model for subjects >10 years old, although
the model provides a suggestion of such a
relationship. Additional sources ofvariance
in urine Cr not explained in these models
are unlikely to be confounders of the rela-
tionship between Cr dust concentration
and urine Cr. Neither Cr dust concentra-
tion nor Cr dust loading were significant
predictors ofurine Cr for the population of
residents in homes not adjacent to chro-
mate production waste sites. These findings
indicate that, particularly for children, Cr
in household dust (a measure of external
exposure) is associated with urine Cr (a
measure ofinternal Cr exposure) in a con-
tinuous fashion. These findings also pro-
vide additional indication that the chromate
production waste sites are a causative factor
in this exposure.
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